Polyaromatic Hydrocarbons (PAHs) have been determined in soil samples for many years. PAHs can arise in the environment from natural sources, oil and petroleum products and combustion processes. Although oil spills influence PAHS concentrations in local areas, the major sources of PAHS are anthropogenic and derived from land based combustion sources. PAHs are globally distributed and the highest concentrations generally occur close to urban centres. Monitoring is essential during the assessment and remediation. It makes further demands on the analytical methods used, since the transformation products are often present in lower concentrations than the parent PAHs and they may be difficult to identify in the complex mixtures found in these samples. It is therefore essential to use powerful analytical tools to fractionate, separate and identify the analyses in the samples. In this paper we review those aspects relating to the analysis and monitoring of PAHs in soils. The aim is to provide an overview of current knowledge, so as to assess the need for future monitoring of PAHs and the present capability for their analysis. Further monitoring of PAHs is justified because of their ubiquity in the environment, their persistence and bioaccumulative properties and their potential for toxicity both to aquatic organisms and human consumers.
Introduction
Environmental analysis often involves analytes in a wide variety of matrices, ranging from air to sewage water to polluted soil samples. Proper sample preparation procedures are necessary to achieve optimum analytical results. The sample preparation and analytical procedures or determinative steps are categorized by the analyte. PAHs are lipophilic compounds that show high affinity for organic matter and their determination in soil always requires powerful extraction techniques to release the strongly sorbed contaminants from the soil material. In this article focus is given on the extraction procedures since these are the most time consuming and labour intensive steps during environmental analysis. The steps in the analytical chain may be summarized as follows:
• Pretreatment, which is performed to increase the homogeneity of the soil and to increase the extractability of the analytes in the soil.
• Extraction, which is performed to release the contaminants from the solid matrix and quantitatively transfer them to another medium, usually an organic solvent.
• Clean up, which is performed to remove coextracted compounds that could interfere during the subsequent analysis, and to separate different classes of analytes prior to analysis.
• Instrumental analysis, which is performed to separate, identify and quantify the individual analytes in the sample.
Pretreatment
Before taking a sub sample for analysis, the samples should be sufficiently homogenized. PAHs can be extracted from wet or dried samples. However storage, homogenization and extraction are much easier when the samples are dry. Drying the samples at ambient or elevated temperatures as well as freeze drying may alter the concentrations, eg. by contamination or by loss of compounds through evaporation (Law, et al., 1994) . Possible losses and contamination have to be checked. Contamination can be checked by exposing 1-2 g. of C18 bonded silica to drying conditions and analysing it as a sample (Smedes and de Boer, 1998) . Contamination during freeze drying is reduced by placing a lid, with a hole about 3 mm. in diameter, on the sample container, while evaporation of water is not hindered. Chemical drying of samples can be performed by grinding with sodium sulphate or magnesium sulphate until the sample reaches a sandy consistency. It is essential that at least several hours elapse between grinding and extraction to allow for complete dehydration of the sample. Residual water will decrease extraction efficiency. (USEPA, 1996) 
Extraction techniques
An extraction is usually the first step in analytical procedures applied to the determination of organic compounds in solid matrices. The use of a convenient type of extraction not only influences the accuracy of results but also determines the total analysis time and in this way affects sample throughput and analysis costs. Several efficient extraction techniques have been developed and are commonly used for analyte isolation from solid matrices. The technologies used for the extraction of PAHs from soil samples are more diverse than for water and other liquid samples.
Soil samples
The techniques vary by the method used to enhance the action of the solvent for the extraction. They range from classic Soxhlet extraction to modern microwave extraction.
Wet soils
Wet soils can be extracted using a stepwise procedure by mixing with organic solvents or by blending with anhydrous sodium sulphate. Extraction is enhanced by shaking, ultra Turrax mixing or ball mill tumbling. Water miscible solvents such as acetone, methanol or acetonitrile are used in the first step. Acetone/hexane are safer, cheaper and more compatible with subsequent analysis when compared to either toluene or benzene. The extraction efficiency of the first step will be low as there is a considerable amount of water in the liquid phase. For sufficient extraction at least three subsequent extractions are needed. The contact time with the solvent should be sufficient to complete the desorption of the PAHs out of the soil pores. The contact time for the desorption of PAHs from soils may vary up to 24 hrs depending on the soil type. The contact time of the soil with the solvent can be reduced by using microwave heating or a Soxhlet apparatus. When utilising a Soxhlet, the extraction of wet sediments should be conducted in two steps. First a polar solvent such as acetone is used to extract the water from the soil, then the flask is replaced and the extraction continued with a less polar solvent or solvent mixture (acetone/hexane). Thereafter the extracts must be combined. For both batch and Soxhlet extraction, water must be added to the combined extracts and the PAHs must be extracted to a non-polar solvent. Different solvents were used for extraction of PAHs like methylene chloride/acetone (1:1 v/v) (Charles et al., 1998) , methylene chloride/ diethyl ether (1:2 v/v) (Amir, et al., 2004; Lega, et al.,1997) , ethyl acetate/hexane (1:1 v/v), acetone/hexane (1:1 v/v) (Juhani et al., 2004), n-butanol (Hans-Holger Liste and Martin Alexander, 2002) , Pyridine (Blanco and Guillen 1991, and Disdier et al., 1999) , methylene chloride/ methanol (1:1) (Lindhart, et al., 1994) , methylene chloride/acetone (1:1) (Guerin,1999) but the preferred solvent system which gives the best recovery is methylene chloride. (Juhani, et al., 2004) . When sample results are to be calculated on a dry weight basis, a second portion of the sample should be weighed, dried overnight at 105°C, cooled and the percentage dry weight calculated.
Dry soils
Although all the methods mentioned above can also be used for dried soils, Soxhlet extraction is the most frequently applied technique to extract PAHs from dried soils.
Solvents
The extraction medium (solvent) has a major impact on the extraction results. Medium polar solvents such as dichloromethane or toluene, or mixtures of polar and non-polar solvents are the preferred ones (USEPA, 1978) . When using dichloromethane, losses of PAHs have occasionally been observed. Although toluene is not favoured because of its high boiling point it should be chosen as solvent when it is expected that soil samples contain soot particles. Other solvents such as hexane, acetone/hexane (1:1 v/v), dichloromethane-acetone (1:1 v/v), dichloromethane-ethanol (1:1 v/v), nbutanol, (Hatzinger and Alexander, 1995) methanol (Codina et al., 1994) , can also be used. Techniques relying on organic solvents are effective in the extraction of organics but the solvents are often hazardous to the environment.
Ultrasonic extraction
This is the simplest method (Eiceman et al., 1980) which uses mechanical energy in the form of a shearing action which is produced by a low frequency sound wave. A sonication device is used which consists of a horn type ultrasonic disruptor equipped with a titanium tip. The disruptor horn tip is positioned just below the surface of the solvent, just above the sample. Extraction can be carried out in duration as short as 3 min. Since it is a fast procedure, it is important that one strictly follow the specific operating conditions. For low concentration samples, the sample needs to be extracted two or more times, each time with the same amount of fresh solvent. Then the extracts from the different extractions are combined. The sample is immersed in an ultrasonic bath with solvent (acetone/methylene chloride 1:1 v/v or acetone/hexane 1:1 v/v) and subjected to ultrasonic radiation at 350-450W for 2-3 min. The sample is separated from the extract by vacuum filtration or centrifugation. The process is repeated 2-3 times, and the extracts are combined for the analytical step. The solvent receives only minor heating of a few degrees above room temperature and thus cannot provide as thorough extraction of difficult matrices such as aged soil samples.
Soxhlet extraction
Analytical chemists have used Soxhlet extraction for more than 100 years (Arment, 1999) . This method is the classic approach for extracting solid samples (USEPA, 1996; Lopez-Avila et al., 1993) for a spectrum of non and semivolatile organic compounds. It works in a manner analogous to continuous liquid-liquid extraction, except the sample is solid instead of liquid. The sample held in a porous cellulose thimble is extracted continuously with a fresh aliquot of distilled and condensed solvent. Thus, the extraction is performed at temperatures below the solvents boiling point for a period of 16-24 h at 4-6 cycles/h.
Automated Soxhlet extraction
This technique is an automated version of the classic Soxhlet approach to extracting solid samples, with two modifications. This approach initially immerses the thimble that contains the sample directly into the boiling solvent. Then, the thimble is moved above the solvent to mimic the rinseextraction step of Soxhlet extraction. Finally a concentration step using modern automated equipment reduces the final volume to 1-2 ml. This three-stage approach shortens the extraction step to 2 h, because it provides direct contact between the sample and solvent at the solvents boiling point. Different automated or semi automated extraction instruments are found in the market. As an example FOSS R has launched several types of Soxtec systems -automated (Soxtec 2050) and semi automated (Soxtec 2055 (Soxtec & 2045 .The automated Soxtet performs four extraction steps-boiling, rinsing, solvent recovery and cup lifting unattended. The automatic shut down feature permits out of hours operations allowing for high thorough put of up to seven extractions, 42 samples per day. The semi automated Soxtec, a cost effective alternative to the Soxtec 2050, allows for a thorough put of up to 6 extractions, 36 samples per day. This is a cost effective alternative to the Soxtec 2050. Another device by Visco ALPHA R enables the user to have a 2, 4 or 6 place system in two versions (micro or macro) based on a five step automatic extraction.
The Buchi R extraction system (B-811) is an automated system which has been used more frequently. It performs extraction according to the original Soxhlet principle the main difference being the method of cycling of the solvent. Four different extraction methods are pos²sible without making any changes to the unit: Soxhlet standard (a cold extraction, as traditional Soxhlet, but with the option of setting both the solvent level in the extractor and the number of extraction cycles), Soxhlet warm (has an extra option of gently heating the solvent whilst it fills the extractor), Hot extraction (the solvent does not cycle over but is retained in the extractor body and heated), Continuous extraction (the sample is continuously flushed with fresh solvent).In addition to the Soxhlet standard and continuous flow extraction, one achieves significant reductions in extraction times especially with the warm and hot extraction modes. There are studies which show a drastic reduction of extraction time from 20 h to 4 h when compared with the classic Soxhlet extraction method (Blachnik, 2002) . Solvents with boiling points up to 150°C can be used because of the high heat output and the optimal heat transfer. The inert design of the extraction system allows contamination free operation with all common solvents. The procedurally integrated evaporation and drying of the extracts shows itself to be especially advantageous by eliminating the use of a rotary evaporator.
Pressurized fluid extraction (Accelerated solvent extraction)
Pressurized fluid extraction (PFE) is one of the latest technologies to be approved for solid-sample extraction (Richter, 1995 (Richter, , 1996 Ezzell, 1995; Fisher,1997; Kreisselmeier,1997) and has been successfully used in the extraction of PAHs ( Popp et al., 1997; Saim et al., 1997; Saim et al., 1998; Kenny and Olesik, 1998) . The use of solvent under elevated but sub critical temperatures and pressures was introduced by Dionex in 1995 as Pressurized fluid extraction (Richter, et al., 1995; 1996) . The method performs extractions at elevated temperatures (50-200 °C) and pressures (1500-3000 psi). The instrumentation to perform pressurised-fluid extraction, more commonly known by its trade name of accelerated solvent extraction, is semi automated. After loading a sample into the extraction cell and sealing it, the instrument performs the extraction, separation, and collection steps automatically. Samples are processed sequentially in batches of as many as 24 samples. Equipment is available that will perform the extraction of six samples simultaneously (Majors, 1995) .Optimisation studies (Zuloaga, et al., 2000) have been conducted on using PFE for analysing PAHS in soils. Different solvents and solvent mixtures were used and best recoveries were calculated. The principle of pressurised fluid extraction is simple. The sample (or a sample mixed with a drying agent) is loaded into a high pressure, high temperature extraction cell which is sealed. The cell is heated to the extraction temperature which often is two to three fold the atmospheric boiling point of the solvent, the extracting solvent is added and held in contact with the sample for 5-10 min; the extract then is flushed from the cell into the collection vessel with a volume equal to 60-75 % of the cell volume; and finally the extract is purged with nitrogen. In pressurised-fluid extraction, the sample is diluted by the volume of extraction solvent and must be concentrated before analysis.
Pressurized hot water extraction (PHWE)
Pressurized hot water has been extensively used to replace organic solvents in extraction processes. The altered physico-chemical properties of pressurised hot water can be exploited in the extraction of organics from solid samples. Temperatures below the critical temperature of water, but usually above 100°C are applied. Pressure has to be high enough to keep the water in liquid state. PHWE has been applied for extraction of many organic compounds including PAHs (Hartonen, 2000; Hawthorne et al., 1994; Yang, 1997; Lagadec et al., 2000; Andersson et al., 2002; Juhani et al., 2004) .
Microwave assisted extraction (MAE)
Microwave energy has been developed recently for the extraction of organic compounds from environmental matrices. (Letellier and Budzinski, 1999; Jingston and Jassie, 1986) .The microwave extraction method uses microwave radiation as the source of heating of the solvent-sample mixture (Pare et al., 1994; Eskilsson and Bjorklund, 2000; Majors, 1995) . Due to the particular effects of microwaves on matter (namely dipole rotation and ionic conductance), heating with microwaves is instantaneous and occurs in the heart of the sample, leading to very fast extractions. Most of the time the extraction solvent is chosen to absorb microwaves. The results obtained so far have concluded that microwave radiation causes no degradation of the extracted compounds, unless too high a temperature arises in the vessel . The application of microwave energy to the samples may be performed using two technologies: either closed vessel (under controlled pressure and temperature) or open vessels (at atmospheric pressure) (Camel, 2000; Letellier and Budzinski, 1999) . These two technologies are commonly named pressurized MAE (PMAE) or focussed MAE (FMAE) .Whereas in open vessels the temperature is limited by the boiling point of the solvent at atmospheric pressure, in closed vessels the temperature may be elevated by simply applying the correct pressure. The system provides significant temperature elevation above the atmospheric boiling point of the solvent, accelerates the extraction process, and yields performance comparable to the standard Soxhlet method. Samples are processed in batches of as many as 14 samples per run. The microwave energy provides very rapid heating of the sample batch to the elevated temperatures, which shortens the extraction time to 10-20 min per batch. Solvent consumption is only 25-50 ml per sample. After the heating cycle is complete, the samples are cooled and the sample is filtered to separate the sample from the extract for the analytical step.
Supercritical fluid extraction (SFE)
This technique uses supercritical carbon dioxide or carbon dioxide with a modifier to extract polycyclic aromatic hydrocarbons (Hawthorne, et al, 1990 , 2000 ) Hartonen, et al., 2000 Janda, et al., 1993; Chester et al., 1998) . Supercritical carbon dioxide or carbon dioxide-organic modifier extracts the sample, which is held in an extraction vessel within a closed system. Supercritical fluids such as carbon dioxide have properties of both liquids and gases, which make them desirable for extraction. When its temperature and pressure are controlled, carbon dioxide has the penetrating characteristics of gases and the solvating properties of liquids. This dissolving power can be applied to purify, extract, fractionate, infuse and recrystallize a wide variety of materials. Although pure carbon di oxide is the most common super critical fluid in SFE; its non polar nature means that an organic modifier is often needed for the efficient extraction of compounds with some polarity. The primary operating parameters are the carbon dioxide-modifier flow rates, temperature, pressure and dynamic or static mode of extraction. In the static mode, the extraction cell fills the extraction vessel with the supercritical fluid and holds it in the vessel for a specified period of time. In the dynamic mode, the supercritical fluid passes through the extraction vessel continuously. The depressurised carbon dioxide or carbon dioxide modifier exits the system, and the target compounds are collected in a vessel that contains a suitable solvent or sorbent material. Modern extraction technologies, such as ultrasonication, microwave extraction, supercritical fluid extraction (SFE), and accelerated solvent extraction (ASE), enhance the kinetics of compound extraction and can improve compound recovery, in comparison with soxhlet extraction techniques (Northcott and Jones, 2000) . Improved compound extraction recoveries are obtained by using SFE at high temperatures and with the correct choice of modifier(s) (Langenfeld et al., 1993 (Langenfeld et al., , 1994 (Langenfeld et al., , 1995 Dean, et al., 1995) , or ASE at high temperatures (Dean, 1996; Hubert, et al., 2000) . Supercritical fluid extraction has also been successfully used to determine the desorption behavior and bioavailability of organic contaminants in soil and sediments Weber and Young, 1997) . However, the expense of these technologies means they are not readily available to many laboratories that continue to use traditional based solvent extraction methods. Table 1 lists the advantages and disadvantages of all the extraction techniques. To better illustrate the extraction performance of each technique in terms of extraction conditions, time and further treatment required, comparisons are given for some of the applications in Table 2 .
Liquid samples
Principally, there are two different extraction principles in current use-solid phase extraction (SPE) and liquid liquid extraction (LLE). LLE uses solvents like methylene chloride, hexane, 2-propanol, cyclohexane, acetonitrile to extract the PAHs. Solid phase extraction is a sample treatment technique which passes a liquid sample through a sorbent. Both the analytes to be determined or the interferences (Camel, 2001) of the samples are retained on the sorbent by different mechanisms. The analytes are eluted in a small volume of a solvent and so the analytes are concentrated. SPE is increasingly popular because, unlike LLE, it does not require large volumes of organic solvents, analysis time can be decreased significantly and online or automated procedures are easily designed. Another advantage is the wide variety of extraction conditions which may be used to achieve the desired separation and preconcentration. Unfortunately the two procedures do not always yield comparable results as the physical extraction principles are quite different (Sturm et al, 1998; Gomez-Beliachon et al, 1988) .
Clean up
Clean up techniques may be divided into preseparation techniques, which are used to remove the bulk of the co-extracted (biogenic) material, and fractionation techniques, which are used to separate the target analytes in different fractions, and to remove similar anthropogenic compounds. However, for samples that have low organic contents, the preseparation and fractionation steps are often combined into a single fractionation step. The fractionation of PAHS and PAHS transformation products may be performed by adsorption chromatography, using open column chromatography (Chaudhury, 1982; Saponaro et al., 2002; Grifoll et al., 1990) , solid phase extraction (SPE) (Wischmann et al., 1996; Moyano and galceran, 1997; Meyer and Steinhart, 1999; Bodzek et al., 1997) or high performance liquid chromatography (Brooks et al., 1998; Fernandez and Bayona, 1992; Allen et al., 1997; Ramdahl, 1983) . The HPLC techniques have the greatest resolution and reproducibility, and they may be coupled to sensitive instruments for analyte detection. However, the other techniques are simpler to use, less costly and have higher sample capacity than HPLC, and are therefore widely used in environmental analysis (Hale and Aneiro, 1997 (Hale and Aneiro, 1997) . These are highly active adsorbents, which are often deactivated with water prior to use. This reduces their adsorption capacity and improves their reproducibility. The analytes are eluted from the columns with organic solvents of increasing polarity.
Instrumental analysis
According to the USEPA both the HPLC and GC/MS methods are considered to be equally valid approaches to analyse PAHs though GC/MS is a widely used method (Disdier et al., 1999) .
High performance liquid chromatography
For adequate HPLC analysis of PAHs, the equipment should meet some minimum requirements. At a minimum, a binary gradient is necessary to achieve proper separation. Using HPLC and measuring concentrations with the peak height, a 50 % valley should be considered as adequate separation. Solvents must be degassed in order to allow proper operation of the high pressure pump. Sample injection should be carried out with an autosampler.
Columns
The column specifications are:
• stationary phases: e.g., octadecylsilane (RP-18), or special PAHS column material;
• length: 15-25 cm.; • inner diameter: 4.6 mm or less; • particle size: 5 µm or less.
Columns with diameters smaller than 4.6 mm can be chosen in order to reduce the flow of the eluent and thus save solvents, if the dimensions of the detector cell and the tubings are appropriate. When using a smaller diameter column, the amount injected should also be reduced (e.g., 25-50 µl for a 4.6 mm column, 10 to 20 µl for a 3 mm column).
Elution
At a minimum, a binary gradient is necessary to allow for a proper separation. For elution, e.g., methanol/water or acetonitrile/water can be applied. Acetonitrile allows more rapid flow, but presents a greater health risk than methanol. A typical gradient (1-1.5 ml/min for a 4.6 mm column) starts at 50 % methanol/water or acetonitrile/water and runs to 100 % methanol or acetonitrile in 40 minutes, where it remains for 20 minutes and then returns to the initial conditions again for about 5 minutes. Prior to the next injection, the equilibrium time should be about 5-10 minutes (3-5 times the dead volume). 100 % methanol or acetonitrile may not be sufficient to elute all non-target compounds from the column, resulting in peaks that disturb the baseline in the subsequent chromatogram. To avoid this, a further elution step using acetone/methanol (1/1) or acetonitrile/acetone (1/1) can be applied. A ternary gradient is then necessary.
In order to obtain reproducible retention times, the equilibrium time after each run should be constant. Therefore, automatic injection is strongly recommended. In addition, a thermostated column compartment (10-30 °C) should be used. Not only retention times but also the resolution between some PAHs can be affected by varying the temperature.
Detection
For the detection of PAHs, the more sensitive and selective fluorescence detector is preferred to a UV detector. The excitation and emission wavelengths should be programmable to allow the detection of PAHs at their optimum wavelength (Reupert and Brausen, 1994; ISO, 1995) . However when PAHs elute close to each other wavelength switching cannot be carried out between these peaks and a wavelength pair appropriate for the respective compounds has to be chosen. The use of two detectors in series or running the analysis twice with different wavelength programmes can minimize the need for such compromises.
As the fluorescence signals of some PAHs can decrease by up to a factor of ten in the presence of oxygen, the eluents must be degassed thoroughly. This can be done either by continuously passing a gentle stream of helium through the eluents or using a commercially available vacuum degasser. In addition, after degassing the eluents, they should not pass PTFE tubings, as this material is permeable to oxygen and allows oxygen to enter the system again. The use of stainless steel or PEEK (polyetheretherketone) tubing is recommended.
Gas chromatography Columns
Column dimensions for the determination of PAHs should be as follows:
• length: minimum 25 m.;
• inner diameter: maximum 0.25 mm.;
• film thickness: between 0.2 µm. and 0.4 µm.;
• stationary phases: a wide range of non-polar or slightly polar stationary phases can be used for the separation of PAHs, e.g., a 5 % phenylsubstituted methyl polysiloxane phase.
Carrier gas
Preferably helium should be used as the carrier gas for GC/MS. When using columns with very small inner diameters, the use of hydrogen is essential. The linear gas velocity should be optimized. Appropriate settings for 0.25 mm. i.d. columns range from 20-40 cm/s and for 0.15 mm. i.d. columns from 30-50 cm/s.
Injection techniques
An autosampler should be used for injection. The two systems commonly used are splitless and oncolumn injection. Other techniques such as temperature-programmed or pressure-programmed injection may have additional advantages, but should be thoroughly optimized before use. Due to their Retention time (min.) Reverse phase HC-ODS Sil-X, 5 micron particle size, in a 250mm×2.6mm I.D. stainless steel column. Isocratic elution for 5 min using acetonitrile:water (4:6)(v/v), then linear gradient elution to 100% acetonitrile over 25 min at 0.5 ml/min flow rate. If columns having other internal diameters are used, flow rate should be adjusted to maintain a linear velocity of 2mm/sec.
high boiling points, for PAHs on-column injection is recommended.
Temperature programming
The temperature program must be optimized for a sufficient separation of the PAHS compounds. The preferred operating conditions with the retention times of some of the PAHs are given in Table 2  ( USEPA, 1978) .
For GC/MS analysis peak area is generally used, and a 10 % valley would represent a good separation. Less resolved peaks may also be quantified (for instance, by dropping perpendiculars to the baseline), but increasing errors may result. In addition to a reproducible temperature program, a fixed equilibration time is important for a correct analysis and constant retention times.
Detection
A frequently used detector for PAHS analysis is a mass spectrometric detector, used in the Selected Ion Monitoring (SIM) mode. Electron impact ionization (El) may be used as the ionization method. The selectivity of a mass spectrometric detector is excellent and the chromatographic noise of a standard is similar to that of a sample. However, major drawbacks are the matrix-dependent response and the convex calibration curves that both often occur and make quantification difficult. As another technique of PAHS identification, the full-scan MS using an ion trap can be mentioned; it operates with the same sensitivity as SIM but is a much more powerful analytical tool. The use of a flame ionization detector (FID) is also possible, but since the selectivity of the FID is low, it is not recommended.
Identification
The individual PAHs are identified by comparing the retention time of the substance in a sample with that of the respective compound in a standard solution analysed under the same conditions (Tables  2 and 3 ). In case of doubt, it is recommended to confirm the results by using a different wavelength for UV-absorption or a different combination of wavelengths for fluorescence detection. Using a GC/ MS system, the molecular mass or characteristic mass fragments are a suitable way to prove the identification of the PAHs compound by using a library database (NIST library search). Using GC/ MS on a modern instrument, the retention times should be reproducible to within ±0.05 minutes, and additionally there are deuterated analogues of many of the parent compounds present for comparative purposes. For HPLC, reproducibility of retention times may be less good, but should certainly be within ±1 minute. 
Quantification
PAHS determinations should preferably be carried out using calibration solutions prepared from certified, crystalline PAHs. However, the laboratory should have the appropriate equipment and the expertise to handle these hazardous crystalline substances. Alternatively, certified PAHS solutions, preferably from two different suppliers, can be used. Two independent stock solutions should always be prepared simultaneously to allow a cross-check to be made. Calibration solutions should be stored in ampoules in a cool, dark place. Weight loss during storage should be recorded for all standards.
Internal standards should be added to all standards and samples either in a fixed volume or by weight. The internal standards should preferably be non-natural PAHs which are not found in sediment samples and do not co-elute with the target PAHs. Several perdeuterated PAHs have proved to be suitable for GC/MS as well as for HPLC analysis. The use of several deuterated PAHs spanning the entire molecular weight range as internal standards is encouraged. For example, for GC/MS it is recommended to add four internal standards representing different ring-sizes of PAHs. The following compounds can be used (Wise et al, 1995) :
• for HPLC analysis: phenanthrene-d10, fluoranthene-d10, perylene-d12, 6-methylchrysene; • for GC/MS analysis: naphthalene-d8, phenanthrene-d10, chrysene-dl2, perylene-dl2. A multilevel calibration with at least five concentration levels is recommended. For UV and fluorescence detection, the linear range is large. The calibration curve should be linear and should cover the working range. Since the mass spectrometric detector often has no linear response curve, the use of stable, deuterated isotopes is a prerequisite. Furthermore, the response of PAHs in standard solutions is often much lower than in sample extracts. Only a combination of different techniques, e.g., the use of internal standard and standard addition, might give reliable quantitative results.
The calibration curve can be checked by recalculating the standards as if they were samples and comparing these results with the nominal values.
Deviations from the nominal values should not exceed 5 %.
When chromatograms are processed using automated integrators, the baseline is not always set correctly, and always needs visual inspection. Because in HPLC analysis the separation of the peaks is often incomplete, the use of peak heights is recommended for quantification. Using GC techniques, either peak heights or peak areas can be used.
Prior to running a series of samples and standards, the GC or HPLC systems should be equilibrated by injecting at least one sample extract, the data of which should be ignored. In addition, standards used for multilevel calibration should be regularly distributed over the sample series so matrix-and nonmatrix-containing injections alternate. A sample series should include:
• a procedural blank;
• a laboratory reference material;
• at least five standards;
• one standard that has been treated similarly to the samples (recovery determination). The limit of determination should depend on the purpose of the investigation. A limit of 2 ng/g (dry weight) or better should be attained for single compounds.
Conclusion
Choosing the right technique for the right application requires a consideration of the features of the matrix and of the correct analytes. In terms of extraction efficiencies once correctly optimized for a given solute matrix couple all techniques are comparable. For the same class of compounds different results may be obtained when several matrices have to be extracted. The matrix effects due to strong adsorption of the solutes onto the matrix are particularly crucial for environmental matrices.
